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A a3 A
1. ATmega328PB Xplained Mini
1) ATmega328PB Microcontroller &7
ATmega328PB HlO|A2AEEZ = T o2 FAHE MCUoIH F8 EAL oyt o)

Memories

)

32 kBytes of In-System Self-Programmable Flash Program Memory
1 kBytes EEPROM
2 kBytes Internal SRAM
Peripherals
Two 8-bit Timer/Counters
Three 16-bit Timer/Counters
Eight-channel 10-bit ADC
Two USARTSs
Two SPIs
Two TWIs
Operating Voltage: 1.8 - 55V
Speed Grade:
0-4MHz @ 1.8 - 55V
0-10 MHz @ 2.7 - 55 V
0-20 MHz @ 45 - 55V
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4) ATmega328PB Development Kit (ATmega328PB Xplained Mini)

J301, Target power

J300, Power source J100, JTAG
J104, COM
J102, BOOT strap J200, Digital I/O high
mEDBG LED
External Clock it
J202, power I/0 38" éﬁi::w:
. O—O-O (+] IPEI:
, 970 0-0-0|0|cres

J203, analogue I/O
J204, SPI

User button

User LED

J201, Digital I/0 low
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Ag W&
1. Microchip Studio for AVR¥} C A& A}-83F ATmega328PB Xplained Mini Board®ll A %] =] o
A+ LEDE FEA7|E Z2I8E e, S 3 2ot

1) Z 24 E(project) YA
(1) IL(EF) - METLE7IN) - ZEHE(P) F5S A3

E3 atmelstudio (22/7p
TEF | BTE  2I0(V) VA ASE ZEme@  OHI(D) S0 BW)  S22(H)

ME 2ES7|(N) PR =ZEEEERL Ctrl+Shift+N

Z7(0) LA I -1 Ctrl+N
Atmel Start Configurator

& Example Project.. Ctrl+Shift+E

HZ0 AET TR
A0 AES ZERE O =24()

B Zurm Alt=F4

0
CCHE AU T, GRS MES TN GIZAE Aol AFD 0

x|
Eab ; p A C/Ce+
GCC C ASF Board Project C/C++ o5 |
(1) Creates an AVR 8-bit or AVR/ARM 32-bit
Assembler @ . GCC C Executable Project s C project
AtmelStudio Solution
GCC C Static Library Project C/C++
GCC C++ Executable Project C/C++
. o ! ‘
GCC C++ Static Library Project C/C++
Create project from Arduino sketch C/C++

OIE(MN): ©)[einky ] ©)

QX[ (L): @ r System Lab I¥2017-2%Lab ManualswWeek_1_Development_Tools#Programs -] l ZHOLE 7| (B)... l @
|
=24 012M): Blinky =548 CI5Ez gt

= =
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(3) ‘Device Selection’ ol (D328PB’2tal YH3H 3ig o5 7 H
=89t o] FoA (2°‘ATmega328PB’ AAE Y3l Ad3 g, Q0K H
Ekiisg

i Device Selection @1

Device Family: | All - | @

[Name App./Boot Memory (Kbytes)Data Memory (bytes)EEPROM (bytes) | Device Info:
Speed: N/A
Ve N/A
Family: ATmega

Datasheet (Summary)

m

Device Page

Supported Tools
~ Atmel-ICE

« AVR Dragon
® AVRISP mkil
t AVR ONE!

X EDBG
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(4) Microchip Studio for AVR®] Ago2 ZRAES FZAS YA, ofg] 1@ Zo]
o} et maince Y-S AAH Frh
Blinky - AtmelStudio (22| XH
ZUR  BUE =AM VAsEX Z=s=@  4C@E  OEOO) S 30 SSIH)
i [B-o-2 M| $BAA|7-C | b W Debug -| Sete L -
L | B b oA kT ems B @ S|
2 mainc =i
1 of*

2 | * Blinky.c
3 E

4 | * Created: 2017-88-25 @F 5:44:02
* Author : Administrator

¥}

§ #include <avr/io.h>

10
11 =int main(void)
12 [4
13 /* Replace with your application code */
14 while (1)
15 {
16 }
17 |3
18
19
(5) ©] mainc I¥¢-E Y Zo] £}
: = f’:‘(
2 * Blinky.c
3__ -
4 * Created: 2017-08-25 @ 5:44:02
5 * Author : Administrator
6 o
8! #define F CPU 16000000
9
18  #include <avr/io.h>
11 #include <util/delay.h>
12
13 =2int main(void)
14 |{
15 DDRB = 0b00100000;
16 while (1)
17 {
18 PORTE = 2b00100000;
19 _delay ms(100);
20 PORTE = 2bRROR0O0G;
5 | _delay ms(908);
22 }
23 |}
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(6) Build — Build Solution "5 A®3st ¢ ZE IS Compile ¥ Link 3T}

B3 siinky - Atmelstudio (22/xp) @
oUF ®|IE =27V Vasistk =Z==eE) [ 2c@) | ggao) =M 2w £
oo |(B-o-umP| Y@ a|9ld sreecE F7 )
| | ’ | t ? [N | 16 %-‘Ta-'ﬁ CHA hEIE.(RW Ctrl+Alt+F7
— x’ ' ' 224 (O
main.c* =
' . & Blinky 2C(U) 4
< mainc - ,I—) E-lecturewlng : — )
Blinky CHA] 2 E(E) =
1 8/*
. ) Blinky & 2| (N)
2 | * Blinky.c =
QI HIC
3 % =28 B—
-8 —*EIIfEO
4 ¥ Created: 2017-08-25 prom— o=
3 o ompiie M+
5 * Author : Administratsc -

7 ZEasel BAZ fn AYHoz WMol MW E93e okde a¥w e
ZeAEs} Ao WE HYcke WAL EHEck

S
W E7) HEE)E 2C .
<favracc.assembler.general . IncludePaths=
<avrgcc.assembler,debugging. Debugleve |=Default (-Wa,-g)</avrgcc.asse
</iwrGocee
Program Memory Usage i 254 bytes 0.8 ¥ Full
Data Memory Usage : D bytes 0.0 X Full
"HunUutputFiIeh’erifyTask“ ANHE gHMSLICH
"Blinky.cproj” ZE2HEM "CoreBuild” &S YWesHSLICEH

ZHO| ”EEID'I "PostBui IdEvent” tHA&HS HUELICE ($(PostBuildEvent
=E: WLectureWUnderGraduatewDisital Circuits and Microcomputer System La
"Blinky.cproj” ZEMEMN "Build” HasS ZLWEMHSLICE

“Blinky.cproj” EEI“EE‘ glesi=L|C},

sEMSLILL
========={HEE: ME g FHA A |, MIH 0, AHEE g]==========
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(8) USB Cables A}83} ATmega328PB Xplained Mini BoardE PCol| AZ3H, ZHAl
A8t R T+ o] YERdT

Ed sinky - atmelstudio (2215

mEF) =g\ BN VAssEX ZESMER O QEE) OB =)
- IR R R | - - | p Ml Debug -
- h | P ot | toms % | i@~ %

ATmega328FB Xplained Mini

EXtension

The Atmel® ATmega328PE Xplained Mini evalutation kit is a
hardware platform to evaluate the Atmel AVR microcontrollers. The
evaluation kit comes with a fully integrated debugger that provides
seamless integration with Atmel Studic 6.2 (and later revisions). The
kit provides access to the features of the ATmega328PB enabling
easy integration of the device in a custorn design.

rlr
)
i)
fo
&

9) #A o 7189 o] Board®t PC7F AE EAS 3} D
2ol Virtual COM7} AAEATHE Fo] Yetdt. @7 HES E43te A& @&

2 Sao) AEEY0 47 S
mEDBG Virtual COM Port{COMA40) x| =
mEDBG Virtual COM Port(COMAD) ,.|I" ME Z=H 2=
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=

(10) =" ZZ IS ATmega328PB Xplained Mini Board®] = ATmega328PB MCU
W52 Flash Memoryoll % ¥7] $J3iA o] Z=AE tig £HAo JFE HA
Folof g}, ZRAE v¥ - Blinky 42 A€t

Blinky - AtmelStudio (@2/X) (7))
oIHeI(F) E=HEE 27|(V)  VAssistX
OO B-u-2 RS

OHAD) =30

! P | ¢ a2 | B ARZZHER HF@R)

ATmega328PB Xplained Mini - 1653 + # Blinky £4(P)... Alt+F7 ]@

g3 3
@Selected debugger/programmer oA @A} PCol AZAE ATmega328PB Xplained Mini
Board®l a3t mEDBG ATML**** 3&-& A8 3tal, Qlnterface &4 debugWIRE

2SS A3 & ot I s A3

pid

a1 oty a¥dm ol =Z2AE £AFNA  DTool FES A

SIS ATmega328PB Xplained Mini - 1653 main.c
Build 2o )
Build Events
Teolchain
Device @ Selected debugger/programmer

| Tool* ) [ meDaG - ATML2523030200001653 v | Interface: | debugWIRE ~
Components @ @
Advanced

(12) ¥=" ZZ WS ATmega328PB Xplained Mini Board®] 1= ATmega328PB MCU
W9 Flash Memoryoll # 92 3 SA ZEIOE APA7]7] &) o1 w79
O 2skA] a1 A& Es A3

1

-

2= EIM  FW) ESTH)

- Q- ZHW) ’
e | Wi Start Debugging and Break Alt+F5 :
[ Attach to Target I
main.c . o
Lig 2l = E AT +5N1+FD
[ b ClH{OsHR] 2T AJEHH) Cirl+Alt=F5 ] 2
Disable debugWIRE and Close
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Microchip Studio for AVR 204 & AtSH

(13) A&3h= &7 wel ATmega328PB XMINI board®] FirmwareE Upgradedf oF Hth&=

Zol YehE o 9o, o] %ol Upgrade HES &
[e)

=

N 2e & Upgrade’l $25W Close W E
Ao

3t FirmwareE UpgradeS
Yt 9 (12) F5S & ¥ o

-

r
Firmware Upgrace

mEDBG firmware must be updated before continuing

On Disk
116

On Tool

Firmware Version 113

Firmware Upgrade

[

=

Firmware Upgrade

mEDBG firmware is up to date

On Disk
116

On Tool

Firmware Version 116

mEDBG firmware successfully upgraded

.
I .

(14) z=Ia3e] 2t He sUdcds o off&Fel] 18 Zo] I3y FFo] A=
Uuey, g2yt 988E A Zgado] A3 5o Board A F34 LED7F
AsHE AL & F Utk

H=s TN
s WS M ES HA AR |, I 0, M 0 mm——————=s
|

E

Writing (28 %)
v

(15 Z2I3S fuA 7] 98 U1 i 35 Start Debugging and Break &S
e gt
@
CHI0) | =50 FW) ==22H)
W) 4
[Pll Start Debugging and Break Alt+F5 ]@
[ Attach to Target
ClH 2 SX|(E Ctrl+Shift+F5
P CI8HA) 23 AJZHH) Cirl+Alt+F5
Disable debugWIRE and Close
OIS 2AEESE Rev. 13) 11
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(16) M=% =2 o] pColA ATmega328PB XMINI board® THERE 53 Y, 3dol
debuggings A3 FElZ HAgATt ofefo] TP Fo] TR HeRE Hi d T
Zeage]l Azl 159 g HmMe A% BYe snea o

Blinky (CJ#21) - AtmelStudio (22]X3)
meiFy HEE 270 VAssistK ZE2MEP) ZLCE) COBIHD)

(@-0B-u-aRd|XFal?-

(> btttk T|6Es | @6
main.c & X
< mainwhile - :I-) while (1)
1 =f*
2 | * Blinky.c
3 *
4 * Created: 2017-88-25 é;ﬁ% 5:44.:02
5 * Author : Administrator
a6 x(f
g #define F CPU 16000000
=]
16  #include <avr/io.h>
11 #include <util/delay.h>
12
13 =int main(void)
4 |4
© 15 DDRB = 8b20120000;
16 while (1)
17 {
18 PORTB = 0be0100000;
19 _delay ms(100);
20 PORTB = 9booooeeen;
21 _delay ms(900);
22 }
23] 1}
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(17) ©] 159 2kelo] 9= statement?] 7]1%-S ATmega328PB MCU U 4ol
gk #HA 2E 7hd 3142l DDRB
Microchip Studio for AVRS] TIH 7] 7]|5&

glal & = Aok ol & Sl O - @%F - QUo Wy FES

Aeste] =9 HA2EHY e BoAF

Yol = AL

[C51D ] =2m

W) ESH)

2 ]

T

2~E | 27 00100000S A
3] 2AAZ DDRB @ A 2~E

Uetl= S Aok

@

W)

=L
-3

v CHE (B) Alt=F9

P Continue

(18) /O oA PORTB &&& ZY3}
#eol 2HEY. A71A
YERA Aolal, Bits 52 27
ARZEE o] mlo] 1o 0

Disable debugWIRE and Close
]

nd Break Alt+F5

Attach to Target Processor Status
i 2! ZX|(E) Ctrl+Shift+F5 E @

7}

olgjZ o] o] PORTBo| ##HA

&
ﬁ

ta Breakpoints

@& Live Watch
Program Counter Trace
=E(0)

>

A el @A 2

HA 2Eo] AgH o At e 16152
oz eyl o 7 vEd e

AMow AYA Yom 12 Uehich

o O
= = | Fitter; - | £
MName Yalue
= i CPU =
# B EEPROM
® B Bant
| ‘wpoRmB
e PORTC
I8 PORTD i
MName Address Value Bits
WPNE 0x23 oF BO0O0DEEEE
WDDRE Ox24 Ox00 OJOO0OO0O0O0
W PORTE x25 00 O0O0OOO0O0O0O

OIMICHS W

10
00
o1
o]
10
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(19) 159 k1] 37+ statementTr A HWF7] 9] QUL - QZEAA ©9 A
FEg e
OHID) | E2M  3W) ES%H)
W) r
Start Debugging and Break Alt+F5
N CjHZ ZXE Ctrl+Shift=F5
Disable debugWIRE and Close
P Continue ]
Execute Stimulifile
Set Stimulifile
O CH AER)
25 E0HK Cirl=F5
Gy THEEE EARANG). Shift«Fg
Y THOAM AC H4ED F11
T OZENH B EBO) F10
T ZZAH UFEIM Shift+F11
k FHTE| AFN) Ctrl+F10
T Reset Shift+F3
(20) 15¥1 219 statement’} HP-S $EF & 18 FRlAA 2O A3 HFA
f3, A" 4 dAzEH @Sol Moz mARD. old FHL WEs
Z2ade] =gl RE 4A FHohd & ok
13 =int main(void) 0 >\ X
14 | { =& | Filter; - | £
15 DDRB = 6b@p100000; Haia Value
16 while (1) = i CPU .
: { # [ EEPROM
> 1g| || PORTB = ©b00100000; sl
19 _delay ms(100); S PORTC
20 PORTE = 0booeoeeeo; 10 PORTD L
21 dELGy ms(%@); Mame Address Value Bits
5 } - - WOPINE (x23 Ox9F @OD00DEEEBE
- WDDRE (x24 (x20 OO@OOOOO0
23] | } WPORTE (x25 Ox00 DOOOOOO0O
CIHIHE W CIBESSR Rev. 1.3) 14
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(21) o] %2 EE statements AT F 201 ZRloA AP HF7] 3 200 =1 7
A& FES FYstd 183 o] 2018 Zklell Break Point7} A8 Tt
13 =int main(veid) Vo > O.X
14 |{ == Fiiter: -]
15 DDRB = 6b001020000; MName value
16 while (1) ® g cru -
17 { @ B EEPROM
®  1g PORTB = 0b00100000; & ot
19 _delay ms(100); Yo FORTC
& 20 PORTB = 2b00000000; 110 FORTD ¥
21 deLay ms(g@@); Name Address Value Bits
27 } = i KePINE 0x23 O0x9F EOODOREEEN
< WDDRE Ox24 ©x20 DO@O00O00
231} MOPORTE 0x25 Ox00 OOOO0OOOO
(22) Break Point7} AAE YOS OHH I — @Continue 55 Aelgth

(23) 2091 FRleA zZ2ae] Aol HIFA Hil,

e
W)

m O]z
Cie 3

X

| Bt

oA

| ERM BW

AIEHH)

E=2H)
3
Alt=F5
Ctrl+Shift=FS
Ctrl=Alt+F5

Diszble debugWIRE and Close

P Continue

o

Execute Stimulifile

Aoz BAHT

13 =int main(void)

F5

Hg "

d A 2~E e W&ol /0 Fol

Vo - [ X
14 { =& Filter: -
15 DDRB = @b0e100000; Name Value
16 while (1) = cru ik
17 { & (B EEPROM
18 PORTB = 0b0Q100000; R Rzl
19 _delay ms(100); 10 PORTC
© 20 PORTB = €boooeoees; 1l PORTD e
21 deLay ms(g@a); Mame Address Value Bits
2 } - - WwrNE 0x23 06F BOGEDEE8
WDDRE 24 ot JO@0O0000
231 |} WBPORTE Ox25 Ox20 OO@OOOOO
CIRIHSI W OBBSR Rev. 13) 15
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oli)
I

rﬂ

24 UHAS TE3tEY OUHI - @QUWA TA I5< A4

OxaD | =540 20w ESSH)
AW) v
B O =30 Cirl=Shift+F5

Disable debugWIRE and Close

(25) 9 FEES AL st Ao T2 A
=3l =

A & Ao

.
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Microchip Studio for AVR I

MNEY

2. Microchip Studio for AVR¥} Assembly ¥101E AF-8-3F ATmega328PB Xplained Mini Board®ll

AR EH A=

LEDE HEA7|E Z2WE e, U4 S 8 o)

TR BEE Haes CAolet FARIL oWl F 34l AAEHA AHE fler=
A e A
; blinky.asm
start: sbi DDRB, 5 ; PB5E &Y REE AMX
1p: sbi PORTB, 5 ; PB5ol =4t '1'0] ¢
rcall dlyleems ; 10omse] Al XA
cbi PORTB, 5 ; PB5Ol =gk 'e'o] =9
rcall  dly9eems ; 90oms2] AlZF A A
rjmp 1p
dly9eems:
push r25
1di r25,9
dly9eoms_1:
call dlyle@ms
dec r25
brne dly9eoms_1
pop r25
ret
dlyle0ms:
push r25
1di r25,100
dlyleems_1:
call dlylms
dec r25
brne dlyieems_1
pop r25
ret
; total # of clk = 14 + 4*3999 + 3 = 16013
.equ count_1ms = 4000
dlylms: push r24 ; 2 subroutine
push r25 ;2
5
1di r24,LO0W(count_1ms) ;1
1di r25,HIGH(count_1ms) ;1
dlylms_1:
sbiw r24,1 ;2
brne dlylms_1 ;2/1
pop r25 ;2
pop r24 ; 2
ret .
yE=========ossssssssssssssssssSssoszss=s
OIHICHSI W 2IZ23SE Rev. 13) 17
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A

D C QAN HEAL e AT FAA A AAE 2ol £%t 4G ATHAL
L && SURA G+ - % /W

(2) Y DA (4=, -=, *=, /=)
(3) TA(M) ALEAF (5, <, >=, <=, ==, I=)

4) =8 A4z &8, ||, !

(5) HE AiAF (@&, |, A,

6) AZE ALA} (<<, >>)

(7) 718} A4k#k ( sizeof, ?: )

2) C dojollA ALE-H = while loop, for loop B if else o] Ti3l dAZ Eo foF AHs}o]
A =3kA L.

3) C dojollA AL&EE #included} #defineo] Tial oA|S S0 QoF A3t A &AL
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